Evaluations of 'natural experiments' in public policy are typically considered 'weak' evidence. Challenges include: making credible claims for causal inference (internal validity); generalising beyond the case (external validity); and providing useful evidence for decision makers. In public health, where experimental evidence is encouraged by funders and enjoys a degree of rhetorical favour, in theory if not practice, current guidance for evaluating natural experiments focuses largely on methods for strengthening internal validity. Using a case study of the evaluation of free bus travel for young people in London, UK, we demonstrate a pragmatic approach to strengthening both internal and external validity in evaluations through integrating the logic of quasi-experimental methods with inductive qualitative analysis. Combining theoretical and inductive analysis in this way to address questions of policy interest through evaluations of natural experiments may be fruitful, and have methodological advantages over randomised designs.
Policy evaluation and natural experiments
A growing commitment in many policy arenas to 'evidence informed' public policy (Nutley, et al 2008) has been accompanied by considerable debate about the relative merits of experimental and more 'realist' approaches to evaluation (Byrne, 2013; Marchal et al., 2013) . Randomised controlled trials (RCTs) are frequently inappropriate or impossible for evaluating complex interventions in domains such as public health, transport or housing Petticrew and Roberts, 2003) , and are typically used in few evaluations (Woolcock, 2013) . However, in public health in particular, RCTs remain, normatively, the gold standard design for evaluating effectiveness. In this context, natural experimental studies have attracted renewed methodological attention largely in terms of attempts to defend them against the threats to rigour arising from the non-random allocation of interventions. Current guidance on methods to enhance causal credibility in evaluations of natural experiments therefore focus largely on threats to internal validity, and on potential study design modifications and statistical analyses to address issues such as selection bias and confounding (Craig et al., 2012) . From this perspective, the challenge of quasi-experimental design is that of replicating, as far as possible, the strengths of randomised designs, in which causation can be established through probabilistic comparisons of how discrete variables are associated with outcomes.
However, threats to internal validity are not the only methodological challenge of quasiexperimental designs. Often based on single case studies, evaluations of natural experiments are also subject to the same potential weaknesses of limited generalisability that apply to 'true' experimental designs in which intervention allocation has been randomised. The most rigorously designed trial can only demonstrate that 'the intervention' had effects within the trial population at a particular point in time. No matter how carefully the sample is drawn, causal claims cannot easily be extrapolated from the study population to any larger one without understanding the processes which give rise to the relationships between 'intervention', 'population' and 'outcome'. Feedback loops are likely to shape the causal pathways within the system (Shiell et al., 2008) , and the system is likely to have emergent properties which cannot be predicted by aggregating individual-level effects (Byrne, 2013) . All these factors pose challenges when it comes to answering the crucial question for policy evaluations aiming to inform practice; namely, 'will it work here?' (Arai et al., 2005; Cartwright, 2007; Cartwright and Munro, 2010) . To assess whether an intervention implemented in one setting is likely to have similar effects elsewhere, decision makers need evidence on the underlying principles by which an intervention works and on the key contextual factors which influence its effects. For these reasons, there have been trenchant critiques of the prioritisation of experimental design in general in evidence based policy, with calls for developments of case-based analyses such as Qualitative Comparative Analysis to strengthen transferability (Byrne, 2013; Blackman, 2013; Blackman et al., 2103; Woolcock, 2013) .
A less well-documented pragmatic challenge for evaluation of natural experiments in public policy is identifying the outcomes of most importance to the various constituencies with an interest. For a transport policy intervention with health impacts, for instance, these constituencies might include: national and regional transport and public health commissioners and providers; businesses affected by transport; individuals and communities affected by the policy; and tax payers. Researchers primarily interested in the health outcomes of transport policies have to accommodate the reality that these are rarely the primary or only outcomes of interest to those designing, commissioning, or implementing transport interventions. For a public health audience, the most credible evaluation designs focus on the health outcomes of interventions that can be clearly delineated from the messy policy environment in which they were implemented. Designs in which 'confounders' can be excised, and 'fidelity' assured, are (in principle) those in which the causal relationship between intervention and outcome can be most credibly inferred. However, the context in which 'real world' policy interventions happen is important for understanding effects, both in terms of the ways in which it shapes the meanings of an intervention for given populations, and how it constructs implementation in practice. In methodological terms, tight control therefore potentially trades credibility with policy decision makers ('this looks like the kind of thing that might be useful for our setting') for high internal validity ('we can be sure that the effect measured resulted from our intervention'). For fields such as public health, such trade-offs (Mercer et al. 2007 ) are a significant challenge for developing a useful as well as robust evidence base, simply because the 'tightest' evaluation designs are often the easiest to implement for the most 'downstream' of interventions. The further upstream in policy terms the intervention is, the more difficult it is to delineate single interventions and outcomes. In a review of transport and public health, for instance, Ogilvie and colleagues (2005) found that the 'strongest' evidence (most likely to come from randomised designs) came from largely 'downstream' behavioural interventions, whereas larger scale policy interventions (such as city wide environmental regeneration programmes) had only 'weaker' evidence from descriptive case studies. What they call the 'inverse evidence law' is worrying in a context of evidence-informed policy making, given that it is these more 'upstream' interventions which are most likely to have an impact on the determinants of health and health equity (Lorenc et al., 2012) .
One approach to both including the range of outcomes likely to be of interest to different constituencies and avoiding trade-offs between external and internal validity is to mix designs and data collection methods in an iterative way. Ton (2012) , for instance, describes a pragmatic approach drawing on realist evaluation, which begins with a focus on the questions (and outcomes) most relevant to the client, and then anticipates a range of potential threats to validity (and thus credibility). This paper builds on these pragmatic approaches. We outline how integrating qualitative analytic induction within a quasiexperimental design can help defend against threats to validity whilst ensuring that the evaluation results have purchase with a wide range of constituencies. In doing this, we draw on Nancy Cartwright's suggestion that, in evaluating programmes, as well as asking does 'X cause Y?', it might also be productive to ask 'how 'stable' is the capacity of X in effecting a change in Y?' (Cartwright and Munro, 2010) . A focus on the 'stability' of the capacities of policies and programmes does not preclude attention to questions of causation and impact, but it does involve asking a somewhat broader question about 'what happens' when a policy is introduced. This requires marshalling a broad range of evidence to develop a credible argument about the likely limits and possibilities of transferability.
Given that the criteria for assessing the stability of capacities are not as well developed as the criteria for assessing the causal claims in RCTs, there is a requirement to demonstrate not only that X causes a change in Y but also to examine how this comes about (the 'mechanisms' and pathways in epidemiological terms). This entails setting out what other factors can promote, inhibit or otherwise affect the ability of X to effect a change in Y (Cartwright and Munro, 2010) . Thus, suggest Cartwright and Munro, an evaluation might ask a set of questions such as: How does X operate to promote Y?; What is needed for X to promote Y?; What can stop/inhibit the operation of X?; What other capacities promote/inhibit Y?; What happens when capacities interact? Here, we take a case study of an evaluation of a natural experiment to demonstrate how drawing on a range of study designs conceptualised within a logic model (Baxter et al., 2010) can shed light on these questions of the capacity of an intervention to cause changes in the determinants of health, and do so without trading internal and external validity.
The case study: free bus travel for young people in London, UK Our case study is an evaluation of a policy 'natural experiment', the introduction of free bus travel for young people in London, UK, in 2005/6. In many settings with public transport systems, young people can travel using concessionary fares. A number of schemes also provide subsidised fares to particular population groups to enhance social inclusion, such as for young people with disabilities or those from lower income groups (Grayling 2001) . The scheme introduced in London in 2005 was unusual for a concessionary fare scheme in that it provided free (to the user) travel on all greater London's bus network for all young people of school age, regardless of financial or other need. This was extended to all of those under 18 in full-time education or training in 2006. London's transport infrastructure and policy environment is unusual. Apart from Northern Ireland, London is the only region within the UK with a regulated bus system, with Transport for London (TFL) holding responsibility for implementing the (elected) Mayor of London's transport strategy. Transport for London retain responsibility for planning bus routes, managing service quality and providing infrastructure such as bus stops and shelters, contracting with (largely) private operating companies to run bus services.
Offering free travel for young people was part of a raft of policy initiatives, with aims including the encouragement of public transport and discouragement of car use in the city. Other initiatives included: expansion of the bus network; a congestion charge zone, implemented in 2003, which has reduced car journeys within the central area (Prud'homme and Bocarejo, 2005) ; and various policies to encourage cycling. Transport for London's own stated aims for the free bus scheme were "to help young people to continue studying, improve employment prospects and promote the use of public transport" (Transport for London, 2006:7) . These environmental and social inclusion aims can in themselves be considered 'upstream' interventions for public health, with potential future implications for young people's access to determinants of health such as education and training, and for their contribution to reducing pollution if free bus travel does reduce private car use. However, these were unlikely to have been the only health effects. Public debates around the implementation and future of the scheme suggested a number of other anticipated implications, both positive and negative, for the health and wellbeing of young people, and for others affected by their travel. In the context of rising childhood obesity levels and policy efforts to get children walking and cycling more, politicians and public health practitioners raised concerns about the potential impact on young people's levels of 'active travel' if they had no disincentive to use the bus for even the shortest of journeys (Evans, 2011; GLA, 2010) . Other concerns were raised in policy briefings and the media, including: the possible impact of young passengers limiting the access of older bus users, either through physical displacement or 'fear based exclusion' (London Assembly Transport Committee, 2008); the impact on crime on transport (Transport for London 2008); the vulnerability of young people to assault; and the costeffectiveness of a scheme open to all young people regardless of financial need.
Assessing the potential risks and benefits for different elements of health and wellbeing was difficult in the absence of evaluations from similar schemes, particularly given that few urban administrations face similar challenges to those of London. In settings in which private car use is the most viable alternative to bus travel, improvements in public transport may increase the amount of 'active travel', simply because reaching a transport hub will involve some walking (Besser and Dannenberg, 2005; Coronini-Cronberg et al., 2012) . However, in many European cities, where walking or cycling are realistic alternatives to bus transport, reducing the financial barriers to public transport may reduce the amount of active travel undertaken. Some 'evidence' was therefore needed to inform debate about the scheme, but to be useful, any evaluation would ideally shed light on the general issue of the circumstances in which concessionary fare interventions are likely to affect determinants of public health, as well as identifying specific effects of the London scheme.
The problem: a 'messy' intervention in a complex system
The free bus scheme, was then, potentially complex, given that it was likely to interact with a raft of other policies designed to change transport mode choices in London, national transport policy interventions and broader social change. Given London's unique transport infrastructure (particularly the investment in bus transport), there were no obvious comparison populations of young people. With no control, potential confounders in any before and after design range from the theoretically knowable (e.g. other interventions also potentially influencing the behavioural outputs of interest, such as the introduction of congestion charging) and the more general and difficult to measure cultural shifts, such as rising concern about children's independent mobility, or obesity. Many potential confounders remain unknowable in such observational studies. The causal pathways that link the intervention (providing free bus travel) and the outcomes of health policy interest (health behaviours and outcomes) are long and likely to behave in ways that characterise any complex system. That is, their component parts may interact (synergistically or otherwise), and the pathways may be non-linear, and subject to feedback loops, phase changes and tipping points. As an example, providing free travel might, over time, devalue the status of bus travel or result in uncomfortably overcrowded buses, thus reducing uptake after an initial rise in use. Finally, different evidence users are interested in different outcomes: road safety engineers, for instance, may prioritise injury outcomes over longer term health benefits from active travel.
A solution: investigating the 'capacity' of the intervention
To address these threats to internal validity, external validity, and credibility for evidence users, we designed an evaluation of free bus travel which drew on three major elements: a logic model, which mapped out the main pathways of interest to policy makers and practitioners; an epidemiological study utilising current best practice in the evaluation of natural experiments (Craig et al., 2012) to identify changes over time along these pathways that could plausibly be attributed to the intervention; and a substantial qualitative component (using both deductive and inductive methods) designed to: contribute to the epidemiological study (that is, contribute to a variable-based study); to understand why the impacts identified in quantitative data sets did or did not happen (understanding mechanisms); and to understand the part played by (free) bus travel in young people's wellbeing (that is, contribute to the study of the intervention as 'a case'). Combining these methodological approaches, we argue, enabled us to provide 'good enough' evidence on the impacts of the scheme which were credible for policy makers. Crucial to the process was the development of a logic model at the design stage that addressed the broader question of the 'capacity' of free bus travel to affect health outcomes, and that was revised at the end of the project. A logic model is a graphic depiction of the pathways that are hypothesised to link the policy intervention with the outcomes of interest. This paper summarises how the findings of the epidemiological and qualitative elements of our evaluation were brought together in the light of our initial logic model in order to provide as robust an evaluation as possible of the health impacts of the scheme, and one designed to be useful to decision makers in London and beyond. Detailed methods and findings of elements of the study are published elsewhere (Jones et al., 2012; Edwards et al., 2013; Goodman et al., 2014; Green et al., 2014a Green et al., , 2014b . Here, we draw on selected findings to demonstrate how the qualitative analysis contributed to addressing some of the methodological and knowledge transfer problems generated by policy evaluations in general, and by evaluations of natural experiments in particular. We focus particularly on examples to show the role of inductive qualitative analysis in the elucidation of the capacities of the intervention. Illustrative extracts from the qualitative data are from individual or group interviews indicate gender (M or F) and age or age range (for group interviews) of the speaker, but have otherwise been anonymised to protect confidentiality.
Designing the evaluation: mapping outcomes, indicators, hypothesised causal pathways and data sources
The first step was to map the hypothesised relationships between free bus travel and the health outcomes of interest in the light of theory, the academic literature on transport interventions and the views of evidence users, including transport commissioners and providers, public health practitioners and transport users. Key variables on this causal pathway were then specified in order to identify sources of data. The main ones were graphically depicted on a summary logic model (see Figure 1) . The development of the logic model places theory at the heart of the evaluation as it makes explicit the theoretical and other assumptions underlying the evaluation. The purpose of the evaluation then becomes the building of a plausible model of what happens in selected parts of a complex system over a particular time period. We hypothesised that offering free bus travel would: increase access to transport for young people; increase the overall number of trips made; increase social inclusion; increase road traffic injury (as a result of increasing exposure to road danger); and increase vulnerability to assault. A precondition for epidemiological evaluations of natural experiments are that there are data available on 'exposed' and 'non-exposed' populations before and after the intervention (Craig et al., 2012) . For many of our outcomes of interest existing data sets included sufficient 'before' and 'after' data to identify significant changes in behaviour or outcome before (non-exposed) and after (exposed) the scheme was introduced (Edwards et al., 2013) . These included: travel-diary surveys conducted by Transport for London to measure travel mode usage; police records of road injury; and hospital records of admissions for assault injuries. To strengthen our ability to make causal inferences about the effect of the intervention, the main analyses used a change-on-change analysis to provide some control for background changes in travel behaviour over the period of the study by comparing changes in target population (young people) with changes in adults aged 25-59 (i.e. those old enough never to have experienced free bus travel as a young person, and too young to qualify for an older person's free bus pass) (Edwards et al., 2013) .
Some outcomes of interest were rather less easy to operationalise and measure. The explicit aims of the scheme were to reduce future dependence on car travel and to address transport poverty for young people. Although current and past car occupancy can be captured by travel diary data, future dependence cannot. 'Transport poverty' is a rather abstract concept (Church et al., 2000) which can be operationalised in a number of ways, including access and ability to pay for transport. No sufficiently detailed quantitative datasets were available which directly measured these outcomes, and instead a qualitative study was designed to generate indicative data. However, these qualitative data (derived from individual and group interviews and observations of the transport system) also provided a rich source of evidence for analytic induction, enabling us to treat the 'intervention' as a case. This enabled us to begin to delineate the necessary and sufficient conditions for the effects identified in the epidemiological change-on-change analysis. We now outline the ways in which this helped provide evidence on the 'capacities' of the intervention, focusing on outcomes related to active travel and transport poverty.
Qualitative analysis to help understand how 'X operates to promote Y'
An important outcome for public health is the impact of free bus travel on 'active travel', a concept originally operationalised in our logic model as 'distance walked and cycled'. Analysis of travel diary data suggested that, relative to adults unaffected by the scheme, young people were: travelling further by bus, making an increased number of short trips by bus, and reducing the number of kilometres travelled by cycle. However, there was no significant decrease in the number of kilometres travelled by walking (Edwards et al., 2013) .
The findings that many more short trips (potentially walking trips) are now made by bus and that there was a significant decrease in young people's cycling (compared with adults) could suggest a causal link between the intervention and decreased 'active transport'. A thematic analysis of the qualitative data initially appeared to support this, given that examples of using the bus as a default mode of transport for even the shortest of journeys permeated the data. To take just one illustration, this young man's description of his journey to school is extreme, but suggests the lengths young people apparently go to avoid walking: My dad takes me a couple of metres down the road, it's only about 200 metres down the road. And then from then I go and get the bus to school. And then there's only a few metres from where I get off the bus to go to school. ...I'm on the bus for roughly about less than a minute. (M, 14)
Further, had the qualitative data been used simply for triangulation, young people's explicit rationales for their frequent short trips by bus would have suggested that these do indeed result from the fact that they have free travel: I think that the fact that knowing the bus is free helps me want to get on the bus... if I had to pay I would not get on the bus. (F, 16) However, a more inductive approach to the qualitative data, using it to understand the capacity of free bus travel to affect active transport, begins to identify a rather different perspective. First, as suggested by quantitative data, bus travel of course generates a considerable number of 'trips', all of which entail a certain amount of activity: If I didn't have free travel...I wouldn't be going places I would be probably staying quite local and through using free travel it means I can go places that I've always wanted to go (M, 15) This is in line with mobility research which suggests that a considerable amount of population activity is achieved in the context of transport itself (Besser and Dannenberg, 2005) . Second, ethnographic data from participant observations of travel suggest that bus trips are not necessarily sedentary for young people (Jones et al., 2012) . Indeed, the journey home from school in particular, is a fairly 'active' event, with physical activity on the bus, between buses and around bus stops. Operationalising 'active travel' as simply the number (or proportion) of trips or kilometres travelled by walking and cycling may be misleading.
On cycling, although the quantitative data suggests a decline associated with the intervention, it is clear from analysis of young people's accounts that cycling is simply not considered a viable transport mode in the capital: it is framed primarily as a leisure activity, associated with either 'hanging out' or with childhood: Interviewer: Do you ever ride a bicycle? ...I love riding bikes ... for fun ... I think I'm too old for it now (M, 18) I used to cycle every Sunday with my dad and younger brother, but now we don't anymore. Yeah, just, we kind of stopped, yeah. (F, 15)
Although cycling rates did fall in young people relative to adults post-intervention, it is difficult to argue that this is a direct result of free bus travel, simply because cycling is rarely framed as an alternative candidate mode of transport for this age group. This is in part because a key driver of travel mode choice for young people is sociability: travelling together was almost always the primary aim, implicit or explicit of transport choice in our discussions. This is to offset boredom, to minimise risks and to maximise the opportunities for socialising with peers:
[L]ike we'll just be bored and we don't want to go home, so we'll just hop on a bus and we'll go anywhere. (F, 17).
Cycling, in a context where few young people routinely use cycles for transport, is not conducive to sociability in the way that walking or taking the bus can be. In this context, free bus travel replaces walking for many short journeys because it can also be used to 'travel together', since everyone is entitled to a free bus pass . Thus, an important element of 'the intervention' emerged. This was the fact that it is universal which enabled everyone in a peer group to travel together: this is a necessary condition of the bus becoming the default mode of transport.
An explicit aim of the scheme was to discourage future car dependence (Transport for London, 2006) . This is impossible to evaluate directly in the short term, and whilst survey data can be used to gauge intentions, these tend to be a rather poor guide to future behaviour. Again, a thematic analysis of the content of the qualitative data suggested that young people were still firmly committed to future driving, as a rite of passage, a route to independence, freedom and adult identity. In response to direct questions about future intentions to learn to drive, typical exchanges focused on the 'adult' rewards that might accrue from driving: However, taking such utterances as 'indicators' of future car use does not provide much in the way of useful information: they are perhaps more validly read as indicators of the ways in which driving is still associated with adult status and independence. A more inductive analysis of data reveals a number of implicit assumptions about bus travel made by young people. A key one is that it is the 'taken for granted' way to get around, evidenced first in the ways that young people easily described other passengers using a range of typologies suggesting almost every population group: workers, old people, business people, mothers. Bus travel was the default mode for young people, often explicitly preferred to lifts from parents because it required no parental funding or permission, and could include all of a peer group (Green et al., 2014a) . In London at least, this suggests, 'everyone' travels by public transport. Since it does not carry the same stigma in London as in some other major cities, it may be that habituation to using the bus may decrease the likelihood of future car use.
The qualitative analysis therefore has two functions in helping to understand how free bus travel affects 'active travel' outcomes. First, it can unpack the mechanisms: for instance in suggesting how bus travel apparently replaces walking, but does not (overall) reduce the amount of walking by shedding light on the ways in which young people both travel more overall with a bus pass and the ways in which they envisage other forms of travel such as cycling or being driven. Second, it helps refine the links between concepts and the indicators: here, how 'active travel' is operationalised as 'trips by walking and cycling'. These both require an analysis which goes beyond simply reporting respondents' views.
Strengthening credibility of claims about 'what is needed for X to promote Y'
Our original hypothesised causal pathways included a link between more bus travel, reduced transport poverty and increased access to education or training. These are important pathways in that they reflect the aims of the scheme, and a core determinant of health and health inequalities is education. The quantitative data suggested little evidence for this causal pathway, with no evidence for a declining social class gradient in the number of trips to school and college over time (Edwards et al., 2013) . However, these data were restricted to analysis of school term time weekday travel, which may have underestimated the effects of the scheme on transport poverty.
Qualitative data provided some evidence for the scheme having an effect on transport poverty and education at the margins, for those living in families where free bus travel made an important direct contribution to household budgets. However, two further findings may be more significant. First was the complete absence of comments in the data set about financial barriers to transport: young people from all backgrounds discussed travel as a taken-for-granted given. In general, they could travel where and when they pleased: I take the bus every day... [for] going to school, going to dancing, going to see my friends, maybe going to church... because it's free ... I can go to different places, so anywhere I want to go (M, 15) [The scheme is] really helpful, whenever I really need to go anywhere it's just, it's no hassle (M, 14-18).
We had no comparative populations to make the case that 'transport poverty' has disappeared in London because of the free bus scheme -it may well be that discounted child bus fares in other cities have the same effect. However, the exceptions (deviant cases) in our data set strengthened the case for the free bus scheme having some causal effect. These were those who had had the card providing free travel confiscated:
[W]hen I didn't have [free bus travel] I did struggle in terms of not getting everything done because I didn't have that freedom to get on a bus (M, 12-17) .
[of friends who've had card confiscated] It puts a strain on their social activities because they can't go out as much (M, 15) .
That the free scheme (rather than any fare reduction) was crucial (i.e. causal) to eliminating transport poverty was evident in the exceptions. Those young people who had lost their card or had it confiscated, for instance for infringing the behaviour code, were the only able-bodied young people to report transport related restrictions on their mobility.
The case that this absence of transport poverty has benefits for health, even if it has no apparent influence on gradients of access to education, is strengthened by analysis of the role that travel plays in young people's lives. Journeys to school or college might be prioritised in household expenditure and thus paid for by parents, however constrained their circumstances, and therefore there may be little observable impact from the scheme on the social gradient of journeys to school and college. However, discretionary journeys, which parents may be reluctant to pay for, emerge as vital for young people's social inclusion. They are first a rare space for young people to socialise: It's one of the main things you do on the bus, if you go out with someone you sit down and you talk about things. (M, 14-18) Second, in a city with restricted opportunities for young people to independently engage in activities outside the home which are not organised by adults, 'catching the bus' is one of the few activities that is affordable to an entire peer group: Mostly every Saturday [my friend and I] will probably just jump on a bus, because we have a free [travel] , and go anywhere and get another bus from there, and another one. And we just travel, we don't know where we're going, we just jump on a bus because we can. (M, 15)
So if we ask 'what is needed for X to promote Y?', or what is needed for a free bus scheme to influence health through the pathway of removing transport poverty, one key necessary condition would appear to be a universal free bus scheme . Sociability is key to young people's travel decisions, and bus use, if free for all, becomes the 'lowest common denominator', because it is available to all a peer group: My mum or dad would drive me if I want them to but it's like I said you meet friends on the bus and things like that. (M, 13-16) . These advantages only work if everyone can travel together.
What inhibits X promoting Y?: the lack of an accessible bus service
A second exception in the data helps to unravel what inhibits free bus travel from having positive effects on health through the pathway of inclusion. This was one group of young people, those with disabilities, whose accounts of using buses were completely different from the rest of the sample. For them, buses were not a facilitator of transport, sociability and inclusion but rather a barrier to getting things done. Although London buses have ramps for wheelchairs, we were told that these are often not working; that you might have to wait a long time for a bus with sufficient space for a wheelchair; that buses might be accessible, but this was not always the case for bus stops; and, importantly, that there is room for only one wheelchair at a time on most buses, which precludes social travel with other wheelchair users. Thus, although young people with disabilities also have access to free travel, buses were inconvenient and anti-social and no disabled young people reported using buses as a site for socialisation, or for a 'fun' day out.
Some ramps don't tend to work, so that's a bit of a hassle … sometimes it's dangerous with an electric chair, it's heavy… (M, >16)
The intervention (free bus travel) therefore only has the capacity to act (to improve the ability to travel together, to improve transport access) if there is an available and accessible bus network.
Discussion
This paper has discussed some effects identified from an evaluation of the natural experiment of free bus travel for young people in London, UK. We have summarised evidence (see Green et al., 2014a for more detail) that it enhanced social inclusion without reducing the amount of active travel; and that it made a contribution to 'destigmatising' bus transport, an important precondition of reducing private car use. We argue that these effects are likely to hold in other settings where there is an efficient and accessible bus service (i.e. one that is perceived as offering a density of routes and frequent reliable services) and where the scheme is a universal, rather than conditional, entitlement. To make these inferences, we drew on a mix of data sources to elucidate the capacities of an intervention (free bus travel for young people) to affect public health. A quasi-experimental design using change-on-change analyses (comparing changes in exposed and non-exposed populations before and after the intervention) provided evidence of effects that were associated with the intervention. Qualitative evidence was used to enhance causal credibility and judgements about external validity.
The qualitative data has been used to 'make sense' of otherwise counterintuitive findings (e.g. that more bus travel did not necessarily mean less active travel), and to exercise caution in attributing causal effects to other associations (e.g. that cycling reductions are a causal result of the intervention). Analyses of qualitative data provided two distinct contributions. First, they are 'weak', or suggestive, evidence, for some of the health effects that are hypothesised, but which cannot be directly measured, such as future intentions to drive and thus the impact on the sustainability of the transport system. More importantly, however, the second contribution, from an inductive analysis, was to strengthen the credibility of causal claims within the case, and to strengthen the claims we could make about the transferability of impacts identified.
What might have happened had we simply used the qualitative data for triangulation, or for unpacking the processes of the intervention? We have suggested that starting with the epidemiological data, and trawling the qualitative transcripts for data relating to key 'themes', or for what young people had to say on the topics emerging from the quantitative data would have led to misleading findings, such as that the scheme itself had reduced cycling rates, or that it had had no impact on propensity to drive. Instead, a qualitative analysis using more inductive logic which starts with the question 'what is going on here?' and analyses the data in its own terms, as well as in terms of categories arising from the epidemiological model, provides greater explanatory purchase. This suggests that qualitative research has a key role in understanding capacities in practice. While qualitative research retains an important place in relation to understanding the salience and acceptability of interventions and barriers and levers to their success, it can also be pivotal in enhancing the credibility of research evidence on complex interventions. This includes roles for qualitative research in enhancing understanding of the operation of the intervention in context, and in relating theoretical concepts of interest to the empirical indicators utilised in (in particular) secondary data analysis.
Our findings were integrated into a revised logic model (see Figure 2) , which incorporated both the evidence from quantitative methods (which used secondary data sets to compare changes before and after the intervention in the target population to those in other populations) and the inductive qualitative work.
Figure 2: The revised logic model
This revised logic model (see Figure 2 ) can now specify the intervention, in that it can delineate what is necessary for it to have the capacity to effect the changes we identified in our case. That is, for free bus travel to reduce transport poverty, have no impact on active travel and to contribute to reduced future car dependence requires that the scheme is universal, and that it is implemented in the context of a good and accessible bus service. This specification is what aids those in other jurisdictions in evaluating whether these conditions are likely to hold. Further comparisons with other cases (such as conditional concessions in other cities) will enable these claims about transferability to be extended and strengthened, through the use of, for instance, Qualitative Comparative Analysis (Ragin, 1999; Blackman, 2013; Blackman et al., 2013) . However, we have shown how comparisons within the case can also be used to aid the causal claims made.
Evaluations of natural experiments have been considered a poor relation to RCTs for evaluating policy; utilised when there is no choice, and to be defended against threats to internal validity through approximating the advantages of randomisation as far as possible. However, following Cartwright and Munro (Cartwright 2007; Cartwright 2013; Cartwright and Munro 2010) we have shown that if we add a question relating to the capacity of the intervention to our evaluation, we can strengthen the credibility of causal inference without jeopardising questions of transferability. Indeed, we would suggest that there are situations in which evaluations of natural experiments may be a stronger design than those reliant on randomising cases. In this particular case, had free bus travel been implemented in a trial design with, for instance, random allocation of free bus passes to some low income children, or to particular geographical clusters, it may not have been possible to identify the advantages that accrue specifically from this being a universal benefit, available to all of a peer group. Although (in principle) randomising large units (such as cities) may have captured this, the point is that the emergent property of this system (which relates to the universality of the benefit to a group, not the material benefit per se) would not necessarily have been known prior to randomisation to inform the choice of scale. Studying a natural experiment allows the researchers to identify policies as 'changes to systems' with multiple outcomes across that system, rather than 'changes in systems', with the burden of trying to identify discrete and independent outcomes.
There will never be a 'strong' evaluation of every complex intervention, but most complex interventions have common challenges. These include: providing credible evidence for a range of possible constituencies; defending against threats to internal validity and providing accounts of the effects of the intervention which are likely to be useful beyond the local case. We have suggested that a 'capacity' approach to evaluations of natural experiments in public policy can meet these challenges within one case. To some extent, this approach integrates 'variable based' and 'case based' (Ragin 1999) evaluative strategies. In summary, the approach entailed: 1) Drawing on research evidence to develop a logic model of the main pathways linking the intervention to outcomes of interest to stakeholders;
2) Identifying the best available evidence within a quasi-experimental design for demonstrating causal relationships on these pathways where these were short enough to be credible; a. Refines the characterisation of 'the intervention': that is, identifies the necessary and sufficient characteristics for it to have had the identified effects on health outcomes b. Make explicit the range of outcomes that accrue from the policy intervention.
Cartwright (2013) argues that assessments of external validity and predictions about future effectiveness rely on knowing the supporting factors that allow an intervention to have effects both within the intervention setting, and elsewhere. This case study shows how this has been done using a range of qualitative and quantitative data in the context of a logic model.
Conclusion
To inform public policy, and enhance generalisable learning from evaluations in single settings, we need to maximise both internal and external validity. Including qualitative research, and logic models to bring to the surface underlying theory and assumptions, are not just useful 'added extras' but are integral to evaluating natural experiments. In fact, it is because of a natural experiment's observational nature -its 'naturalness' -that the credibility of any causal inferences depend crucially on being rooted in a theory of change and an understanding of the pathways derived from appropriate evaluation data. Using a case study of free bus travel for young people, we have demonstrated that natural experiments drawing on secondary analysis of existing data sets of 'exposed' and 'nonexposed' populations and inductively analysed qualitative evidence in the context of theory-informed logic models, can offer both credible and useful evidence on the impact of public policies on health, and the capacities of those policies in specific contexts.
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